Summary.
The fine structure of the taste organ in the Rana catesbiana was observed by light and electron microscopy. The taste organs of frogs have been widely used in electrophysiological (KUSANo and SATO, 1957; RAPUZZI and CASELLA, 1965) and ultrastructural studies (GRAZIADEI and DEHAN, 1971; STENSAAS, 1971; SHIMAMURA and TOKUNAGA, 1970; DURING and ANDRES, 1976; TOYOSHIMA and SHIMAMURA, 1982) of taste sensation.
It has long been known that the integrity of the taste bud is dependent on a trophic influence of the gustatory nerves. It is generally believed that the taste bud disappears rapidly after denervation and reappears following regeneration of the nerve fibers (GUTH, 1957; FARBMAN, 1969; IWAYAMA, 1970; FUJIMOTO and MURRAY, 1970) . ROBBINS (1967) reported, however, that the taste organ of the frog never completely disappears even after a long time of denervation.
The present study reports on the details of the changes in the frog taste organs after denervation as well as the fine structures of these sense organs.
MATERIALS AND METHODS
Frogs (Rana catesbiana) were anesthetized by intramuscular injection of tubocurarine chloride (20 mg/kg), and the glossopharyngeal nerves, 10-15 mm long, were severed bilaterally in the oral cavities. The proximal and distal cut ends were turned backward along the course of the stumps. Impulses generated by chemical and mechanical stimuli were recorded in the peripherally cut ends of the glossopharyngeal nerves at intervals of 3, 6, 12 and 24 hrs and 2, 3, 10, 20, 30, 60, 90 and 120 days after surgery. Then the tongues were removed, minced and immediately fixed with 2.5°° glutaraldehyde in a 0.1 M sodium cacodylate buffer (pH 7.3) at 4° C for 6 hrs. Postfixation was made in 1°° osmium teroxide in the same buffer for 2 hrs. The tissues were then dehydrated in ethanol and embedded in Epon 812. Thin sections obtained with a Porter-Blum MT-2B ultramicrotome were stained with uranyl acetate followed by lead citrate, and then examined under a JEM-100C electron microscope.
Thick sections were stained with toluidine blue for light microscopic examinations.
Some thick sections were stained with PAS after the removal of epoxy resin.
For detection of ATPase, frozen sections were cut in a cryostat to a 15 Pm thickness and incubated for 15 min at 37°C in the medium of WACHSTEIN and MEtssEL (1957) . Following incubation, the sections were washed in distilled water and then treated with an aqueous solution of yellow ammonium sulfide, and examined with a light microscope.
RESULTS
The taste organ of the frog is located in the dorsal epithelium of the fungiform papilla ( Fig. 1 ) and is recognized easily by the strong reaction for ATPase (Fig. 2) .
Three type of cells: the taste, the supporting and the basal cells; and nerve elements were distinguished within the organ. Taste and supporting cells extended throughout the total thickness of the organ, while the basal cells were located only at its basal periphery ( Fig. 1) . The nuclei of the taste cells were located at the basal one third of the whole height of the taste organ, where the cells appeared thickest.
The cytoplasm of the cell extended branches from the supranuclear region and terminated in a few short microvilli (Fig. 3, 4) . Characteristic of the taste cell was the presence of a number of densecored vesicles, 90-140 nm in diameter, in the basal cytoplasm (Fig. 5) . The density of their contents was variable.
They tended to accumulate towards the junction with the nerve fibers; synaptic contact between a taste cell and a nerve fiber was frequently observed in that region (Fig. 6 ). In addition to coated invaginations, Q-shaped figures strongly suggesting exocytosis of the dense-cored vesicles were seen on the plasma membrane ( Fig. 5, 6 ). The site where these exocytotic structures occurred was not juxtaposed or approached by nerve fibers. A subsynaptic cistern located close to the cell surface contacting the nerve fibers was sometimes seen in the taste cell (Fig. 7) . Well-developed Golgi complexes, centrioles and an occasional single cilium were also components of this cell (Fig. 8) .
The major part of the supporting cells, in which the nucleus and many secretory granules were located, was situated at the apical third of the taste organ (Fig. 1, 4 ). They showed a positive reaction to PAS. A number of mitochondria and welldeveloped Golgi complexes were seen among them.
The basal cells were located at the basal-lateral region of the taste organ (Fig. 1 , 9) and numbered 8-10 in each taste organ. Their cytoplasm, positive in PAS reaction, extended along the basal lamina toward the center of the taste organ ( Fig. 1, 10) . A number of dense-cored vesicles measuring 80-120 nm in diameter were contained in the entire cytoplasm (Fig. 9, 10 ). Coated and non-coated invaginations of the plasma membrane, which probably represented exocytosis of the vesicles, were occasionally seen (Fig. 10) . They did not necessarily occur in relation to nerves supplying the cell . No half -desmosomal attachment to the basal lamina was observed at the inferior border of the cell. Digital cytoplasmic processes protruding into the intercellular space (Fig .  9) and occasionally into the connective tissue in close association with the subgemmal nerve fibers (Fig. 11) were observed.
The first changes in some nerve terminals within the taste organ could be observed 6-12 hrs after denervation.
These alterations were characterized by the appearance of electron-dense bodies and myelin-like membranous lamellar bodies (Fig. 12) . Intragemmal nerve terminals became totally degenerated within 24 hrs and completely disappeared by the 7th day. Myelin-like membranous lamellar bodies were found in the intercellular spaces at the basal region of the denervated taste organ from the 7th to the 120th day after surgery (Fig. 13) . As the nerve terminals within the taste organ degenerated, impulses to chemical and mechanical stimuli declined and ceased from the 7th day (Fig. 14) .
The denervated taste organ was almost intact throughout the 120 days period after denervation (Fig. 15, 16 ). The dense-cored vesicles of the taste cell still remained in the basal cytoplasm for this period, although considerably decreased in number (Fig. 17) . The size and density of individual vesicles were not remarkably altered.
Occasionally, fl-shaped membrane invaginations were found on the plasma membrane (Fig.  17) . The basal cells were recognized in the basal periphery of the taste organ throughout the experimental period (Fig. 18 ). As were those in the taste cell, the vesicles of the basal cell were retained in the cytoplasm until the 120th day after denervation (Fig. 17) . Exocytotic figures of the vesicles were also observed at places where no nerve fiber seemed to approach (Fig. 19) . Mitotically dividing cells were encountered in the basal part of the denervated taste organ (Fig.  20) as in the normal state.
Strong ATPase activity persisted in the taste organ for 30 days after denervation (Fig. 20) ; then the activity lessened in intensity.
Trace amount of the reaction products, however, were still observed in the taste organ even 120 days after denervation (Fig. 22) . No distinct change in ATPase activity was noticed in the intrapapillary connective tissue throughout the postoperative period.
DISCUSSION
The dependency of the taste buds upon the nerve supplying them has been long known in most vertebrates.
It is generally believed that total denervation of the gustatory papilla results in a rapid degeneration followed by the complete disappearance of the taste buds as described before. Furthermore, when the gustatory papilla is removed, reappearance of the taste buds takes place only where the nerve fibers have been regenerated (ZALEWSKI, 1970; ToYOSHIMA, 1979) . RoBBINs (1967) , on the other hand, has demonstrated that the frog taste organ becomes gradually smaller over a period of months after section of the gustatory nerve fibers, but never completely disappears. The independency of the taste buds from the gustatory nerve fibers has also been reported in certain lower vertebrates (WRIGHT, 1968; PoRITSKY and SINGER, 1977) .
In the present study, the frog taste organ maintained its structures without sensory innervation for 120 days. The morphological finding was also histochemically supported by the presence of ATPase activity.
The ATPase activity observed in the connective tissue cores of denervated fungiform papillae was considered to be related to Schwann cells surviving in their original sites for a long time as described previously by IWAYAMA and NASA (1969 FuJITA, 1977) . Further studies into this problem seem worthy to be promoted.
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